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CHAPTER I 
INTRODUCTION 
In 1932 9 Weindling (1) reported the presence of a highly fungi-
cidal substance in cultures of Trichoder.ma lignorum tha"!; would control 
damping~off of citrus seedlings caused by Rhizoctonia solanio The 
fungicidal activity of the Trichoderma was found to be due to these-
cre.tion of a lethal principle into the surrounding · medium by the young 
hyphae (2L-
The toxic substance was isolated from the medium and crystallized 1 
~~elding silky white needles (3). Analysis showed the substance to be 
C13H14N.2S20,4 (4). The fungus was reclassified to Gliocladium fimbria-
tum~ thus giving the antibiotic ·the name .. gliotoxin (5). Later evidence 
showed that the fungus We.indling r·eported as Gliocladiwn fimbriatum is 
really a strain of Trichoderma viride (6). 
The instability of gliotoxin in alkali and in 'light 9 a.s well as 
its toxicity, has limited its application. A biosynthe.tiG study of 
gliotoxin wa:s undertaken to determine the·biogenesis of the indole 
·, . 
nucleu~ as well as of the sulfur-containing group. The study of the 
biosynthesis of antibiotics had been limited until the advent of radio-
isotopes. It is now possible to determine some of the precursors and 
intermediates in the biosynthesis of these compounds by using isotopes. 
Investigations presented in this thesis were conducted using carbon-14 
and tritium labeled compounds as possible precursors of gliotoxin. 
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CHAPTER II 
HISTORICAL 
Gliotoxin has been isolated and identified from Trichoderma. viride. 
(7), Aspergillus fumigatus (8, 9, 10, 11), Asp~r$illus fumigatus mut. 
helvola Yuill (12), Penicillium cinerasc~ns (13}, Penicillium terlikow-
ski (14) 9 and Penicillium obscurum Biourge (15). A mo~oacetyl deriva-
tive of gliotoxin has been isolated from Penicillium terlikowski 
Zaleski (16). This is the same organism as Penicillium obscurum 
Biourge, which has been reported to produce a second unidentified 
antibiotic (15). 
The production of gliotoxin, by the fungus Trichoderma. viride in 
unsterilized acid soil, ~as demonstrated by the chromatographic separa-
tion of an ether extract. The activity was measured by growth-inhibi-
tion zones using~. subtilis (17). 
Weindli.p.g (18) re;ported that.the fungus required an abundance of 
oxygen and high acidity to produce good yields of gliotoxin. Ammo-
nium salts were found to be the best sources of nitrogen, and glucose 
and sucrose proved to be good carbon sources. 
Johnson et al. (4) used a shaker to furnish the necessary aera-
tion fo:r gliotoxin production. Three grams of gliotoxin was produced 
. . 
from 60 liters of synthetic medium. The medium consisted ?f sucrose, 
ammonium sulfate, dipotassium phosphate, magnesium sulfate, ferric 
chloride, peptone, and water. Brian (7) found that cysteine could 
2 
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replace the sulfat'e as the source of sulfur. The pH was adjusted to 
.3.0-3.8 with concentrated sulfuric or phosphoric acids. The medium 
was inoculated and the fungus was allowed to grow for 4-5 days at 
27-32° with maximum. production of gliotoxin occurring during the 
second day. 
The mycelium was filtered from the culture medium and the fil-
trate was extracted with chloroform (4). The chloroform was evaporated 
to dryness 'in':vacuo and the residue was extrac.ted with petrole.um, ether 
and methanol to remove the lipids. The gliotoxin was crystallized 
from hot methanol or ethanol. 
Purified gliotoxin inhibited the growth of human tubercle bacilli 
in vitro and also had strong bacteriostatic action on related organisms 
(19 9 20). It has been found inhibitory against many of the Bacilli, 
~. aureus, f. fischeri, and the Clostridia (21, 22, 23). Gliotoxin 
has been reported relatively inactive iJ1 Yi!£ (24) and has also been 
reported inactive against bacterial viruses (25). Gllotoxin was found 
toxic to :Pythium and Rhizobium, two genera of the damping-off fungi 
(26). It exerted marked fungistatic and fungicidal action towards Q. 
nicotianae which attacks tobacco in the tropics (27). Gliotoxin was 
found to have antialgal properties against six cultures of green algae 
and diatoms (28). However, ,'J'... viride, the organism producing glio-
toxin9 is resistant to the toxic effects of the antagonist (7). 
Studies of gliotoxin on plants and animals demonstrated a toxic 
effect at small concentrations. Severe inhibition of root growth of 
wheat, clover, and mustard seedlings occurred as determined by simple 
germination tests (29). The lethal dose of gliotoxin for rabbits, 
4 
rats 9 and .mice has been reported to be from 45 to 75 .mg, per'"' kg. of 
body weight (4P 30P 31). 
At a concentration of 1 gamma per .ml.p gliotoxin inhibited the 
subsequent growth of mouse lymphosarcoma cells lD vitro (32) . · This 
inhibitory effect was abolished by previous contact with sulfhydryl 
. . 
compounds. Cysteine was found to inactivate gliotoxin (33). Gliotoxln 
showed little specificity in its reactions with thiols as compared with 
other antibiotics such as penicillin (34). The antibacterial ~ctivity 
of gllotoxin9 which was reduced by thiol compounds as cysteinep was 
immediately restored when titrated with iodine solution but more slowly 
by exposure to air (35). 
Gliotoxin can be crystallized from chloroform to yield almost 
colorless monoclinic crystals which decompose shall)ly at ·· 221 °. (caplliary 
m.p. 190-192°) (36). The .molecular weight of gliotoxin (from x-ray data) 
was 328.4 and its density was 1.537 as compared to the formula weight. 
' . 
of 326.4 and a deter.mined density of 1.546 (37). The solubility of 
gliotoxin in a number of solvents has been studied and reported by 
Johnson §i !l. (4). It is strongly levorotatory and a comparison of 
its ultraviolet absorption spectrum was similar to that of the spectra 
of indole and tryptophan (4). 
When gliotoxin was refluxed with barium hydroxidep methylamlne 9 
hydrogen sulfide 9 and elementary sulfur were produced (38). Purifica-
tion of the residue yielded a small amount of crystalline solid iden-
tified as indole-2-carbo:xylic acid. A Zeisel determination showed the 
absence of metho:xyl or etho:xyl groups. The test for a N-methyl group 
was positive which agr eed with the isolation of methyla.mlne. No 
5 
reaction occurred with carbonyl reagents. Oxidizing agents rapidly 
oxidize<i the sulfur or gliotoxin tq' s'4f~ tee . ~ci:qc,ing. ~gen't.s con-
~ . 
verted the sulfur in gliotoxin to P,drogen sulf'ide •. Treatment of 
gliotoxin in pyridine with benzoyl chloride at room teJnperature pro-
duced a crystalline dibenzoate. A Zerawitinorr determination for 
active hydrogen was somwhat uncertain but indicated two or three 
. ,, . 
acti,re hydrogens. Later work h~s shown that the two reactive hydrogen 
atoms were fromhydrbJcyl groups. This interpretation is consistent 
wit~ the· presence ot two . bands in the infrared absorpt~cm spectrum 
(39). The_ reaction _or gliotorln with potassium eiulfides, potassium thio-
gly.colatep and alkaline plwnbite indicated the presence of a sulfide 
• • ! . . 
linkage (40) • · 
Desulf'urlzation of.glioto:dn with aluminum a.malgam'resulted in the 
replacement of the sulf'ur atoms by hydrogen atoms and the liberation of 
hydrogen sulfide (40~ 4lp· 42). Thls·compound is known as.dethioglio-
toxi.n and has been recovered as a,colorless crystalli~e compound in 
30 per! cent yield. 
Dutcher~ Johnson; an~ Bruce(~) have reported that g;iotoxin a.nd 
· deth~ogliotorln yielded Ool2 and 0~9.3 moles of acetic acid~ respectively 9 
' . 
in the Kuhn-Both deter.mi.nation. Later work indicated thatdethioglio-
. ' ' 
toxin did not have a Cr-CH_, ·group (42) o 
.. The first struct~ proposed for glioto:dn ; (I) and .d,etbiogliotoxin -
(II) wre based o~ a number or degradation_products which ~ave been 
idehtitied C42-50) o 
6 
OH 
I II 
On the basis of new experimental evidence, Bell et al. (51) have deducJd 
a new structure for gliotoxin (III). This structure permits the unam-
biguous explanation for the extensive transformations of gliotoxin and 
dethiogliotoxin (IV) into degradation products of known structure. 
III IV 
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The long-known anhydrodethiogliotoxin was given the structure {V). 
Dehydrodethiogliotoxin was formed by heating dethiogliotoxin over 
palladium-charcoal in boiling xylene (52). Its chemical ~roperties 
and ultraviolet spectrum are consistent with formula (VI)~ and treat-
ment with acetic.anhydride converted the dehydrodethiogliotoxin to. an 
alkali-insoluble 9 crystalline compound with the formula C15H14N2 04 • 
V VI 
Treatment of this derivative with saturated methanolic ammonia at 20° 
converted it to a sparin~ly soluble 9 crystalline compound (C7H7No2)n, 
which decomposed at 360°. This product was similar to dimeric sub-
stances produced by the action of ammonia on dipeptides containing a 
serine unit. Chemical and sterochemical considerations excluded the 
attachment of a disulfide bridge in gliotoxin at any positions except 
3 and 11 ( 51). 
A number of schemes involving tryptophan as a preC;;ursor have been 
proposed for indole and in.dole-like alkaloids (53). Until recently none 
8 
of these schemes were studied experimentally. In 1951, Bowden and 
Marion (54) reported the incorporation of DL-tryptophan-~-c14 into the 
. ' -
alkaloid, gramine, which is fpund in barley •. Alkaline degradation 
showed that the radioactivity, in the alkaloid, was entirely in one 
position. This corresponded to the labeled carbon in the tryptophan 
administered to the barley plants, thus indicating that tryptophan is 
a precursor of gramine. 
Suhadolnik et al. (55) have studied the incorporation of radio-
isotopes into the ergot alkaloids cultured on the rye plant. One of 
·the alkaloids of the rye ergot is ergonovine, which contains the 
lysergic acid moiety. ~he incorporation of DL-tryptophan, labeled with 
carbon-14 in the 7a or a-position, was so low as to indicate that tryp-
tophan was not a direct precursor of the lysergic acid moiety. Like-
wisell the isotopes from carbon-14 labeled phenylalanine an~ acetate, 
as well as tritium-labeled tryptophan and anthranilic acid, were not 
incorporated to a significant extent into the alkaloids. Mathes et al. 
(56) have reported the incorporation of DL-tryptophan-~-01 4 into ergo-
metrine 9 ergonovine, and ergocorine produced on the rye plant. This 
incorporation was only slightly higher than that reported by Suhadolnik 
et al. (55). The alkaloids were hydrolyzed and essentially all of the 
radioactivity wa.s found to be in the lysergic acid moietyo On the 
basis of these results, a new scheme for lysergic acid blosynthesis has 
been postulated involving tryptophan. 
Suhadolnik and Chenoweth (57) have reported the incorporation of 
phenylalanine-1-014 and phenylalanine-2-01 4 into gliotoxin to the extent 
of 4-12 per cent. The gliotoxin from phenylalanine-1-01 4 was degraded 
9 
to indole-2-carbo:x:ylic acid, which retained 82 per cent of the radio-
activity, and essentially all of the activity was in the carboxyl carbon. 
Methionine-CH3 -C14 was incorporated to the extent of 0.16-0.27 per cent 
and was suggested to.be a possible source of the N-methyl group. Tryp-
tophan-7a-C14 and acetate-2-C14 were not incorporated into gliotoxin. 
It was concluded that phenylalanine is a direct precursor of the indole-
type moiety of gliotoxin. 
CHAPTER III 
EXPERIMENTAL 
Tritium and carbon~l4 labeled compounds were added to cultures 
of Trichoderma viride which were growing in an.aerated flask. The 
gliotoxin was isolateq and analyzed for radioactivity to determine 
the extent of incorporation of the labeled compounds. The gliotoxin 
was then degraded to deter.mine the position of the radioactivity. The 
labeling pattern indicated whether the added compound was a direct 
precursor. The methods and procedures are discussed in the following 
pages. 
Isotopes 
The DL-serine~3-C14, DL-serine-l-C14, glycine-2-C14 j and DL-. 
methionine-CH3 -C14 were obtained from the Volle Radiochemical Company. 
The compounds were dissolved in a known volume of water and an aliquot 
was added to the culture medium. 
The DL-,m-tyrosine and DL-phenylalanine were o.btained from the 
California Foundation for Biochemical Research. These were labeled 
by the tritium exchange method reported by Wilzbach (58). Two hundred-
fifty mg. of DL-,m-tyroslne was dissolved in 2 ml. of water and trans-
ferred to a 10 ml. tritium labeling ampule. The solution of ~-tyrosine 
was taken to dryness in a rotary evaporator to obtain a thin layer of 
10 
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the compound on the inner wall of the ampule and dried in~ over 
phosphorus pentoxide. The tube containing the !!!"""tyrosine WEJ.S evacuated 
to 0.005 mm. and 5 curies of tritium gas (obtained from Union Carbide 
Nuclear Company) was pumped into the ampule by means of a Toepler pump. 
The compound was exposed to the tritium gas for 7 days at room tempera-
ture~ the gas was removed, and the compound was exchanged 20 times with 
water to remove any exchangeable tritium. Them-tyrosine was crystal-
lized from water. A paper chromatogram of the crystalline .m-tyrosine 
using Whatman No. 1 filter pa.per and pyridine'-butanol-water (6g4g3) 
system gave four radioactive peaks as determined by a windowless chro-
matogram scanner. One peak remained at the origin and only one peak 
was ninhydrin positive. 
Twenty mg. of the crystalline .m-tyrosine-H3 was dissolved in 2 ml. 
of water and placed on an ion exchange co1Uilll1 9f Dowex 50-H. The column 
was developed with 100 ml. of each of the followingg water 9 0.15 N HCly 
0.3 N HCl, o.6 N HC1 9 1.5 N HCl~ and 4 N HCl. The rate of flow was 
2 ml. per minute and 4 ml. fractions were collected. The separation 
is shown in Figure 1 . 
Counts/ 
Minute 
0.15 0.3 
Normality of HCl 
Figure 1. The Separation of Impure m-Tyrosine-H3 
4.0 
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The ninhydrin-positive material appeared as one peak when chroma.to-
graphed an~ was identified by comparing its Rf with the Rf of authentic 
.m-tyroslne. The radioactivity of the eluted .m-tyrosine-H3 solution 
from one tube was determined and a known volume was added to the cul-
ture medium over a period of 30 hrs" The times of addition are given 
in Table Io 
The ion exchange column was regenerated by converting to the sodium 
f'orm 9 washi.ng with water to pH 7-8 9 converting to the hydrogen form 9 and 
then washing with water to pH 5-6. 
The DL-phenylalanine was labeled with tritium and purified by the 
same procedure as them-tyrosine" A paper chromatogram of the phenyl-
alanlne-H3 indicated four radioactive components·. Chromatography of the 
impure phenylalanine-H3 on Dowex 50-H resulted in incomplete purifica-
tion. Repetition of this procedure gave only phenylalanine-H3 which 
"'~ . " 
was eluted with o.6-1.5 N HCl. It was identified by the ninhydrin test 
and by comparison of its Rf with the Rf of authentic phenylalanine. A 
known volume of the tritium labeled phenylalanine solution was added 
to the culture medium. 
Fermentation Procedure 
Johnson et al. (4) have reported a shake culture method for the 
growth of .'L viride for .maximum production of gliotoxin. "rhe organism 
grows but fails to produce gliotoxin unless good aeration is maintained. 
Chenowed;h (59) developed an aeration apparatus to draw humidified 
air through a sintered glass tube ii1to the culture flask by a water 
aspirator 9 as dia.gra.med in Figure 2. This procedure provided vigorous 
TABLE I 
LABELED COMPOUNDS ADDED TO THE FERMENTATION MEDIUM 
Flask No. Substrate Substrate Specific Activity Radioactivity added Times of 
of Substrate Isoto:ge .. Additions 
mg. mc./mmole .mµc. Fraction Hours 
7 " V 4 0.26 2.02 5p000 l/2 44 DL-Serine-J-C 
DL-Serine-3-Cv 4 
1/2 53 
8 0.26 2.02 5,0CO Same 
9 DL-Serine-.3-C 14 0.26 2.02 5,,0CO 1/2 0 
1/4 26 
Glycine-2-C~ 4 
;L/4 49 
15 0.49 1.68 l0y960 1/3 23 
1/.3 40 
Glycine-2-C 1 4 
1/3 50 
16 o·.49 1.68 10~960 Same 
17 DL-Methlonine-CH3-c14 0 • .39 1.96 5,,170 1/.3 42 
l/3 48 
DL-Methionine-CH3-c14 
1/3 65 
18 0 • .39 l".96 5,,170 Same 
20 DL-m-Tyrosi.ne-H3 0.25* 9 .6u· 2,,4CO 1/4 27 
1/4 41 
1/4 48 
DL-.m-Tyrosine-H3 
1/4 65 
21 0'.25* 9.6** 29 4GO Same 
24 DL-Phenylalanine-H3 2.5* 5 .5** 13 9 7GO 1/4 27 
1/4 38 
DL-Phenylalanlne-H' 
1/2 47 
25 2.5* 5.5** ~700 Same 
26 D1-Serine-l-Ci 4 l.77 1.10 189500 1/4 31. 
1/2 45 
1/4 52 I-' w 
l~ mlo 
*~*' 
; " µc ./ IU" 
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Figure 2. Diagram of the Apparatus Used to Grow I. viride Cultures 
ai:r\ ________ _ 
CaC12 drying tube ____ __ 
with sterile cotton 
small 
flask 
separatory funnel 
~--filled with steri-
lfaed .water a. s a 
reservoir 
2 1. suction· flask 
filled with steri-
:1.ized water for 
humidification of 
incoming air 
~----------~ 
Ca.01 2 drying tube 
with sterile cotton 
'-----------------~twelve 1. flask 
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bubbling of air through the medium of the growing I. viride and was used 
for the major part of these studies. However$ some cultures were aerated 
by passing compressed air through the same apparatus. Both methods were 
equally successful and the yields compared favorably with those reported 
by Johnson et al. (4). 
The culture medium of Johnson et al. (4) 9 used in these studies 9 
was as followsg 
90 g. sucrose 
10 g. ammonium sulfate 
5 g. anhydrous dipotassium phosphate 
2.5 g. anhydrous magnesium sulfate 
o. g. ferric chloride 
0.1 g. peptone 
6 l. water 
The pH was adjusted to 3.3-3.8 with either concentrated sulfuric or 
phosphoric acid. The medium was prepared in a twelve 
shown in Figure 4 The aeration apparatus was autoclaved for thirty 
minutes f.ifteen pounds pressure" Essentially no contamination 
occurred in any of the cultures.-
The medium was inoculated with a 50 ml. shake culture or with a 
potato-dextrose agar slant each of which had been growing for three 
' . '" ' 
to days. The organism. used was I. viride 1 No. 1828 NRRLj which was. 
kindly supplied by Dr. c. W. Hesseltine of the Northern Utilization 
Research Branch 9 Peoriaj Illinois. The cultures were maintained at 
27-.32° 0 
Isolation of Gliotoxin 
After five days of growth 9 the mycelium was removed from the 
medium by filtering through three sheets of Whatman No. 1 filter paper~ 
16 
Celite 9 and four layers of cheesecloth on a Buchner funnel" The 
filtrate was collected in a four liter suction flask 9 and the .m;ycelium 
was dried a.t 110°0 The .medium was extracted three times in a. four 
liter separa.tory funnel with a total volume of chloroform equal to 
one-fifth the volume of the filtJ;"ate. The chloroform was removed by 
vacuum distilla:tlon 0 The yellow residue was washed twice with a total 
of 50 m1 0 of petroleum ether (b.po 90-110°) and absolute methanol 
(2,,Jgl). Essentially all of the color and lipids were the petroleum 
ether extracto The remaining residue was treated 9 fil-
tered 9 and the gliotoxin crystallized from hot ethanol ox methanol. 
The mother liquor was separated from the gliotoxin -10° 0 The glio-
toxin melted at 190-192° in an open capillary which is in agreement 
with that :reported by Johnson et alo (.36) o More acc1.ll"ate meltlng points 
were obtained by packing a small amount of gliotoxin in a commercial 
melting point tube 9 flushing the tube with nitrogen 9 and sealing" A 
Thiele tube was used for these melting point determinationso All of 
the isolations of gliotoxin melted with decomposition to form a yellow 
oi1 9 as described by Weindling (18)o The melting points (uncor:rected) 9 
the yields of gliotoxin 9 and the yields of .mycelium are shown in Table II. 
An infrareid spectrum~ of gliotoxin prepared as a potassium bromide 
pellet was identical with the infrared spectrum reported by Johnson 
(36). The ultravlolet absorption spectrum had an absorption maximum 
at 270 mµ. in agreement with that reported py Johnson (.:36). 
~ Courtesy of Dr. N. Deno 9 Department of Chemistry 9 Pennsylvania 
State Uni verslty 9 University Park 9 Pennsy 1 vania o 
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TABLE II 
YIELDS AND MELTING POINTS OF GLIOTOXIN AND YIELDS OF MYCELIUM 
Flask No. Total Yield Melting Point Dry Weight 
of Gliotoxin of Mycelium 
mg. g. 
7 .350 198-198.5 2.3 .6 
8 429 198-199 24.4 
9 217 200-202 15.5 
15 160 199-200 18.8 
16 159 199.5-201 18.8 
17 262 197-199 25.0 
18 165 198-199 21.3 
20 524 201-206.5 26.0 
21 418 200-201 26.6 
24 .310 201-202 26.5 
25 .320 200-201 28.9 
26 485 201-2-2 24.9 
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Counting Procedures and Results 
All of the carbon-14 samples from the isolations described were 
combusted by the method of Van Sly~e .§! !l.lo (60). The CO2 was col-
lected in an ionization chamber and counted with a vibrating reed 
electrometer 0 The tritium-containing samples were counted by the 
. . 
procedure of Wilzbach ~ alo (71). 
Samples of the gliotoxin obtained from the various experiments 
were combusted and counted by the above procedures 9 and the amount of 
radioactivity in the .isolated gliotoxin was calculated. The incorpora-
tion of the isotopes into gliotoxin is shown in Table III. 
Degradation Procedures and Results 
A method similar to that of Bruce et a.l. (.38) was used to degrade 
gliotoxin and to isolate the N-methyl group as methylamine and was ap-
plied to the gliotoxin from flasks 7~ 16 9 · 17, and 26. Fifty mg. of car-
rier gliotoxin was added to 50 mg 0 of gliotoxin. Ten ml. of 10 per cent 
NaOH was added to the gliotoxin and refluxed for one hour. The volatile 
base was collected in 0.1 N HCl. The acidic solution of methylamine 
hydrochloride was ta.ken t·o dryness in a rotary evaporator and then dried 
in vacuo over phosphorus pen,toxide. A white deliquescent solid melting 
at 220-222° was obtained. Authentic methylamine hydrochloride melted 
at 222-224°" Addition of pure .methylamine hydrochloride caused no de-
pression of the mixed melting point. rhe yields were approxi.mately 75 
p~r cent that of theoretical. The isolated methylamine hydrochloride 
was combusted and counted. The results are shown in Table IV. 
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TABLE III 
INCORPORATION OF RADIOACTIVITY INTO GLIOTOXIN 
Flask Noo 
.mlJ.c" (Average) 
7 a) 140 137 2o73 
b) 134 
8 a) 124 121 2o42 
b) 118 
9 a) 3'7 36 0/72 
b) 35 
15 a) 78 97 0088 
b) 116 
16 a) 127 128 1017 
b) 1.30 
17 a) 171 175 3o39 
b) 181 
c) * 169 
d) * 180 
18 a) 90 90 lo74 
b) 89 
20 a) 7:33 7.39 3008 
b) 762 
c) 722 
21 a) 1150 1062 44o.3 
b) 973 
24 a) 2260 2405 1706 
b) 2550 
25 a) 1970 1950 14o2 
b) 1930 
26 a) 346 355 lo92 
b) 364 
* after recrystallization 
** based on the quantity of gliotoxin isolated 
TABLE IV 
CARBON-14 FOUND IN THE :METHYLAMINE HYDROCHLORitE 
Flask Substrate Sample C14 in Specific Activitf' Specific 
No. Added Weight Sample of CH3NHi O:HCl Activity of 
Average Gliotoxin 
mg. .mµ.c. JD!.1c. / mmo le .mµ.c./mrnole 
7 DL-Serine-3-C14 a) 5 .12 1·.21 32.0 110 
b) 5.12 1.2.3 
16 Glycine-2-C 1 4 a) 3·.52 r.20 
b) 3 .• 52. 1.43 
50.4 268 
17 DL-Methionine-CH3-C14 a) 6'.2 6'.9 158 219 
b} 6.2 7.6 
26 DL-Serine-1-C 14 a) 2'.48 0 0 239 
b) 2.48 0 
* Corrected for 2 fold dilution 
c14 in 
Methyls.mine 
% 
·• 
29 •. o· 
18.8 
72.2 
0 
l\) 
0 
The radioactive gliotoxin from flasks 9~ 21 9 24j and 26 was de-
graded by the method of Suhadolnik and Chenoweth (57) to yield indole-
2-carbo:icylic acid 0 One hundred-fifty mgo of gliotoxin was refluxed 
with 15 mlo of 15 per cent Ba(OH)2 for lo5 hrso in an atmosphere of 
nitrogeno At the end of the reflux~ 10 per cent H2S0 4 was added to 
pH 50 The barium sulfate 1,Jas removed by filtrationo The filtrate 
was adjusted to pH 1 and taken to dryness in a rotary evaporator" The 
residue was dried in~ over phosphorus pentoxide and then sublimed 
at 110-130° and 10-20 mm 0 of mercuryo The sublimate usually m~lted at 
200-204° {uncorrected)o When the melting point was below 200° 9 the sub-
limate was recrystallized from hot chloroformo This melting point is 
similar to that for indole-2-carboxylfo acid as reported by Cornforth 
and Robinson (62) and Dutcher et alo (43). Hydrolysis of the ethyl-
indole-2-carbox.flate2 with aqueous-methanolic KOH yielded iridole-2-
carboxylic acid 9 which after crystallization melted between 202-205° 
(uncorrected) o A mixed melting point of the synthesized indole-2-
carboxylic acid with the indole-2-carboxylic acid obtained from the 
gliotoxin showed no depression in melting pointo The indole-2-carboxylic 
acid samples were combusted and counted for radioactlvityo The results 
are presented in Table Vo 
Dethiogliotoxin was prepared from the gliotoxin from flasks 7 9 
8 9 15 and 16-~ and 17 and 18 by the method of Bell ( 63) o Two hundred 
mgo of labeled gllotoxin with 200 mgo of carrier gliotoxin was added 
2Kindly supplied by Dr" Ho Ro Snyder 9 Department of' Che.rnistry 9 
University of Illinois 9 Urbana 9 Illinoiso 
TABLE V 
DEGRADATION OF GLIOTOXIN TO INDOLE-2-CARBOXYLIC ACID 
Flask No. Substrate Added Gliotoxin Indole-2-Carboxylic Acid 
-
Jmlc./.!ll1llole mg. Melting Jmlc./m.mole average 
Point ffil.l,c./mmole 
9 DL-Serine-3-C 14 55 15.0 204-206 a) 9.4 10.5 
b) 11.6 
21 . . . 3 DL-.m-Tyrosine-H 780 15.5 200-202 a) 756 778 
b) 408 
c) 1170 
24 DL-Phenylalanine-H) 2340 12.0 201-203 a) 6830 5650 
b) 4470 
26 DL-Serine-l-C14 239 2.3 199-200 0 0 
% 
19.1 
99.7 
0 
1\) 
1\) 
23 
to 100 ml. of 95 per cent ethanol .and dissolved by heating with steam. 
The solution was cooled to about 25° and treated under nitrogen with 
0.8 g. of aluminum. foil., which had been cut into one centimeter squares 1 t . 
amalgamated with 5 per cent aqueous mercuric chloride for 30-45 seconds 
(with constant agitation) and washed several times with water. The 
amalgamated aluminum. was used immediately. During the initial stage 
of the reaction the temperature increased to about 40°. After slow 
stirring for three hours 1 most of the aluminum had reacted. At this 
time an additional 0.4 g. of amalgamated aluminum was added and the 
reaction was continued for four hours. The mixture was then heated to 
boiling and filtered while hot. The residue was treated with 50 ml. 
of 95 per cent ethanol, boiled for several minutes and filtered. The 
combined filtrates were evaporated to a volume of 7 ml. After standing 
at -10° for 24 hrs., the dethiogliotoxin was filtered and dried. Ap-
proximately 80 mg. was obtained and melted between 246-250°. A second 
crop of approximately 40 mg. was obtained by evaporating the mother 
liquor to 1 ml. The yields were 30-40 per cent. Johnson and Buchanan 
(42) and Bell (63) reported a melting point range of 246-252°. The 
. 3 
infrared and ultraviolet absorption spectra of' the dethiogliotoxin 
were identical with that reported by Johnson (36). 
The dethiogliotoxin samples were degraded by the Kuhn-Roth.pro-
cedure (64) 1 a micro-method for detecting the presence of C-CH3 groups 
by oxidation to acetic acid. Two .ml. of concentrated HiS0 4 was added 
Jcourtesy of' Dr. N. Deno, Department of' Chemist:ryj Pennsylvania 
State University, University Parkj Pennsylvania. 
to 10-20 mgo of dethiogliotoxino Eight ml. of 5 N chromic acid was 
then added. This mixture was refluxed for 1.5 hrs. and the CO2 evolved 
was collected in excess NaOH. After 1.5 hrs. the sample was distilled 
into a known excess of N/100 NaOH and then back titrated with N/100 
acetic acid to a phenolphthalein end point. The distillate was not 
identified. The distillate was ta.ken to dryness 9 combusted, and counted 
for radioactivity. The alkaline solution containing the CO2 collected 
during reflux was evaporated to a small volume and transferred to a 
combustion tube. Perchloric acid was then added to the alkaline sample 
and the CO 2 evolved was passed through a dry ice-acetone trap~ collected 
in an ionization chamber and counted. The results of these degradations 
are shown in Table VIo In control experiments DL-serine-3-C 1 4 and DL-
serine-l-C14 were degraded by the above procedure. Essentially all of 
the radioactivity was evolved as CO 2 during reflux. No acetic acid was 
formed. 
Flask No. 
7 
7 
8 
15 & 16 
17 & 18 
TABLE VI 
KUHN-ROTH DEGRADATION OF DETHIOGLIOTOXIN 
Substrate 
Added 
DL-Serine-3-C14 
DL-Serine-3-C14 
DL-Serine-3-C 14 
Glycine-2-C14 
DL-Methionine-CH3 -C14 
Dethioglioto:xin 
Degraded 
rriµc ./mmole mg. .rnµc • 
67 12.8 3.23 
67 16.8 4.23 
49 20.0 3.68 
110 20.0 8.40 
103 16.4 6.20 
Distillate Radioactivity 
Distillate CO2 
meq./mmole of .rnµc • mµc. 
dethiogliotoxin 
o.68 0.19 0.78 
---- ---- 1.08 
0.76 0.14 
0.32 0.22 3.0 
0.35 0.70 0.29 
/\.) 
\J'I 
CHAPTER IV 
DISCUSSION OF RESULTS 
A significant incorporation of isotopic labeled compounds into 
all of the carbons of gliotoxin was observed (Table III). Since 
Suhadolnik and Chenoweth (57) had reported that the aliphatic side 
cha.in of phenylalanine-l-C14 and phenylalanine-2-C14 was incorporated 
directly into gliotoxin? it was of interest to deter.nine the origin 
of the dihyd:robenzene moiety. Tritium. labeled DL-phenylalanine was 
used for this study~ and was incorporated into gliotoxin to the extent 
of 14-17 per cent. The fact that incorporation of the phenylalanine-HJ 
into gllotoxin was obtained provided additional evidence that all 9 
carbons of phenylalanine are incorporated directly into gliotoxin. 
To show that the tritium was located in the dihydroindoline nucleus, 
gliotoxin was degraded to indole-2-carboxylic acid. The specific 
activity~ as determined by both the zinc fusion method and the scin-
tillation counting method~ of this indole-2-carbo:Jcylic acid was greater 
than that of the gliotoxin (Table V). Thus far no explanation can be 
proposed for these anomalous results. 
The presence. of hydroxyl group in the meta position of phenyl-
alanine suggested m-tyrosine as a possible precursor of the 9 carbon 
fragment of gliotoxin. An experimental test of this hypothesis re-
vealed that DL-~-tyrosine-H3 was incorporated into gliotoxin to the 
26 
27 
extent of 31-44 per canto When the ~llotoxin from them-tyrosine was 
degraded to indole-2-carbo::xylic acid, the specific activity of the 
indole-2-carboxylic acid was found to be essentially the same as that 
of the gliotoxin (Table V). These data indicate that m-tyrosine is a 
precursor of gliotoxin and that the hydro::xylation can occur before 
cyclization of the side chain of phenylalanine. 
Experiments using DL-methionine-CH3 -C14 as an N-methyl donor for 
gliotoxin was also conducted. DL~met?ionine-CH37C 14 was incorporated 
into gliotoxin to the extent of 1.7-3.4 per cent. The alkaline degrada-
tion of the labeled gliotoxin to methylamine showed that 72 per cent 
of the radioactivity was in the N-methyl group (Table IV). Since 
serine-.3-C14 and glycine-2-C14 were show~ to bt=3 le~s efficient as 
methyl donors (29 and 19 per cent vs. 72 per cent) 9 it is thus indicated 
that the methyl group of methionine is a more direct methyl donor in 
gliotoxin biosynthesis. 
Since the remaining three carbons of_gliotoxln (carbons 3 9 3a 9 
and 4) are structurally related to serine, it seemed reasonable that 
this amino acid might serve as a precQrsor. The studies conducted 
showed an incorporation of carbon-14 labeled serine into gliotoxin 
to the extent of 0.7-2.7 per cent (Table III). The low incorporation 
of serine (0.7 per cent) can be attributed to the early addition 
(Table I). In 1945j Dutcher, Johnson and Bruce (40) reported the 
formation of acetic acid from dethiogllotoxin by the Kuhn-Roth procedure. 
Bell (63) proposed that the acetic acid formed by this degradation arose 
from carbons 3 a.nd 3a. The gliotoxin into which the serine-3-C14 had 
been incorporated was degraded by the Kuhn-Roth method. The distillate~ 
28 
which should have contained carbons 3 and Ja, had essentially no radio-
activity, but the CO 2 collected during reflux was radioactive (Table VI). 
To determine whether or not serine gave rise to acetic acid, as reported 
by Johnson and Buchanan (42), both serine-J-C 14 and serine-l-C14 were 
degraded, and_ essentially all of the radio~ctivity was evolved as CO2 
during reflux. On the basis of these data, it appears that the Kuhn-
Roth degradation of dethiogliotoxin does not specifically yield acetic 
acid from carbons 3 and Ja. Subsequent degradations of the gliotoxin 
from the serine-J-C14 showed that 19 per cent of the radioactivity was 
in indole-2-carbo:xylic acid and 29 per cent was in the N-methy~ group. 
Thus, 52 per cent of the radioactivity is located in carbons 3, Ja, and 
4. The specific location of the radioactivity in these three carbons 
has not been determined. Results of experiments using serine-l-C14 
showed that no radioactivity was present in the indole-2-carbo:xylic 
acid or the N-methyl group of gliotoxin. Thus, all of the radioactivity 
was in carbons J, Ja, and 4. The fact that all the radioactivity from 
serine-l-C14 is located in carbons J, Ja, and 4 strongly suggests that 
this amino acid (or possibly glycine) is a direct precursor for this 
portion of gliotoxin. 
Since conversion of glycine to serine is known, glycine-2-014 was 
studied (65). Glycine was incorporated into gliotoxin to a lesser ex-
tent than serine. On the basis of the data obtained from the serine 
and glycine studies, it is postulated that glycine is converted to 
serine which, in turn, serves as a precursor for carbons 3, 3a 9 and 4 
of gliotoxin. 
29 
Since the hydroxylation of pheeyla~nine can occur before cycliza-
tion or the side chain of pheeylalanine 9 red~ction of the aromatic ring 
. 
probably occurs in a subsequent step~ On the ~asis of this assumption 
and the data presented in.this studyg the following pat~way for the 
biosynthesis of glioto:xin9 which accounts for all of-the carbon atomsg 
is proposedo 
COCH 
Phenylalanine 
OH 
Sulfur 
< 
N S 
O~ -CH3 
CHaOH 
O'lioto:xin 
ryroeine 
I Serine ·. 
4-Methionine 
J,. 
COCH 
Dethioglioto:rln 
CHAPTER V 
SUMMARY 
1. In this study, the biosynthesis of gliotoxin was investigated. 
This antibiotic, which contains a dihydroindoline nucleusy is produced 
by the fungus, Trichoderma viride. These experiments were conducted 
by using radioactiYe compounds. 
2. The incorporation of radioactivity from the following com-
pounds into gliotoxin was determined: DL-phenylalanine-H3 9 DL-·.m-
tyrosine-H3 ~ DL-methionine-CH3-c14, DL-serine-.3-C14 ~ DL-serine-l-Ci 49 
and glycine-2-C14• 
3. Degradations of gliotoxin to indole-2-carbo:xylic acid showed 
that the radioactivity from phenylalanine and m-tyrosine was located 
in this moiety. 
4. The N-methyl group of the gliotoxin produced from methionine-
CH3-C14, serine-3-C14y glycine-2-C14, and serine-1-C14 was found to 
contain 72 9 29, 19, and O per cent of the radioactivity, ::respectively. 
5. Radioactive gliotoxin produced from serine-3-C14 was degraded 
to indole-2·-carboxylic acid. This product contained 19 per cent of the 
radioactivity. 
6. All of the radioactivity incorporated .into the gliotoxin from 
serine-l-C14 and 52 per cent from serine~J-C14 was in carbons 39 3a 9 and 4. 
7. A biosynthetic pathway, which accounts for all 13 carbons of 
gliotoxin, is proposed. 
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